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ABSTRACT 

We compare the detection rates and redshift distributions of low-luminosity (LL) 
GRBs localized by Swift with those expected to be observed by the new genera- 
tion satellite detectors on GLAST (now Fermi) and, in future, EXIST. Although the 
GLAST burst telescope will be less sensitive than Swift's in the 15-150 keV band, 
its large field-of-view implies that it will double Swift's detection rate of LL bursts. 
We show that Swift, GLAST and EXIST should detect about 1, 2 & 30 LL GRBs, 
respectively, over a 5-year operational period. The burst telescope on EXIST should 
detect LL GRBs at a rate of more than an order of magnitude greater than that of 
Swijfs BAT. We show that the detection horizon for LL GRBs will be extended from 
z ~ 0.4 for Swift to z ~ 1.1 in the EXIST era. Also, the contribution of LL bursts 
to the observed GRB redshift distribution will contribute to an identifiable feature in 
the distribution at z ~ 1. 
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1 INTRODUCTION 

GRBs are the brightest transient astronomical events 
known. Multi- wavelength observations of GRBs have con- 
firmed that a significant fraction of long GRB^] are as- 
sociated with the c ollapse of short-live d massive stars 
|Hiorth et al. I 120031 ; Istanek et ai~l l2003h . A number of 
satellites equipped for GRB detection have been placed 
in low Earth orbit, the most recent of these being the 
orbiting observatories Swif^ (l aunched 2004 November; 
iGehrels. Cannizo fc Norrisll2007l ) and GLASlE (launched 
2008 June). Up to the end of 2008 July Swift has detected 
345 burstQ since its launch. In this period 116 GRB red- 
shifts have been measured from this satellite's rapid local- 
ization capability and by follow-up spectroscopy of the opti- 
cal/NIR afterglow and host galaxies by large ground-based 
telescopes. 

Prior to GRB 980425 it was th ought that all GRBs 
were from a limited range of energies (I Ramirez- Ruiz et al. I 
l2005l b This particular GRB was the first to be associated 
with a supernova of Type Ib/c and was also the first low- 
luminosity (be ;j _jmdterduiriin^ (LL GRB) to be 
identified l|Ramirez-Ruiz et al. II2005T ). The total (isotropic- 
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1 Hereafter, 'GRB' refers to bursts classified as long. 

2 http://swift.gsfc.nasa.gov 
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20061 ) and these 
'typical' set of LL 



equivalent) gamma-ray energy emission was some 5-6 or- 
ders of m agnitude less than for a typical ' classi cal' GRB 
(fig. 2 of iGhirlanda. Ghisellini fc Firmani 1 [2006). demon- 
stratin g that GRBs c an occur with a wide range of en- 
ergies (Wooslevir2004l ). Initially it was thought that this 
GRB was anomalous but more recent detections have chal- 
lenged that view. GRBs 031203 and 060218 have been identi- 
fied as possible analogues of GRB 980425 (ISoderberg et al. I 
12004. iGhisellini et al. 112006. IWatson et ~ 
three can be considered to form a 
GRBs. For a brief d e script ion of these three bursts see 
iGuetta fc Delia Valle I (|2007l ). 

Because of their sub-energetic nature and the flux lim- 
its of recent satellite detectors, the LL GRBs detected 
thus far are in the local universe (z < 0.1). Apart from 
the three typical LL GRBs mentioned above, other sub- 
luminous GRBs have been detecte d — e.g., GRB 050826 
jMirabal. Halpern fc O'Brien Il2007l ) — some of which have 
been classifi ed as X-ray flashe s — e.g., XRFs 020903, 030723 
and 060 218 JPian et al. 1120061) — or X-ray rich — e.g., GRB 



040223 (|McGlvnn et al. 1120051 ). X-ray flashes may repre- 
sent an extension of the GRB population to low energies 
|Barraud et al. 1120051 ). 

Although LL GRB events may b e more numerous than 
class ic al' events |Pian et al. 1 l2006l ; IGuetta fc Delia Valle I 

ob- 
2004; 



20071 ) 



120071 : iLiang et al 
served in the local 

IGuetta fc Delia Valle Il2007l : iDaigne fc Mochkovitch 1120071 ) 
Small-number statistics limit the precision in estimating the 



only a few have bee n 
universe (fSodcrbcrg et al. 1 
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local rate density of LL GRBs — see uncertainties for values 
of thi s parameter repor ted bv lGuetta fc Delia Vallel (|2007m 
and lLiang et al. I (|2007h . 

We show in this paper that the improved sensitivity and 
larger field-of-view (FoV) of these new generation satellite 
detectors will dramatically increase the statistics of these 
currently rare bursts. We also show how the improved ca- 
pabilities of these detectors allows detection of LL GRBs at 
higher z. (For a perspective on studies of high-z GRBs w ith 
new generation instruments see ISalvaterra et al. I i^POSf ).) 

The aim of this study is to compare the detection capa- 
bilities of three gamma-ray detector satellites for observing 
LL GRBs, focusing on GRB detection rates of the primary 
burst detectors of Swift, GLAST and EXIST^ (intended to 
be launched about 2015). We utilize only the primary detec- 
tor parameters of flux sensitivity, FoV and detector band- 
width for this study. For GLAST we assume the Gamma-ray 
Burst Monitor (GBM) i s the detector that will trigger on 
and monitor LL GRBs (|Steinle et al. I [2006). Similarly, for 
EXIST we assume the High Energy Telescope (HET) is the 
primary LL GRB detector. Thus, our results for GLAST and 
EXIST define a lower bound on the detection capabilities of 
these new satellite detectors. 



2 SATELLITE DETECTORS 

In the Swift era the detection rate of LL GRBs is low. To gain 
an understanding of the progenitors and the mechanisms 
that cause LL GRBs demands an improved detection rate. 
The sub-energetic nature of these events requires detectors 
with increased sensitivity and/or FoV. We show in this paper 
how the improvement of these two parameters will increase 
the rate of detection of LL GRBs. We use Swift as a reference 
detector against which the newer detectors are compared. 

We briefly describe below the detector parameters for 
the three satellites. In the next section we will compare the 
predicted observational capabilities of these instruments. Al- 
though we restrict the model to the major NASA high- 
energy observatories we note that other detectors suit- 
able for LL GRB studies are operational or are planned: 
j4G7X£0(launched 2007 April) is a currently flying de- 
tector sensitive in the 30 MeV-50 GeV band; JANUS is 
a NASA Small Explorer (SMEX) early universe mission 
(planned launch 2012) with a 1-20 keV X-ray flash monitor; 
MAXjQ(planned launch 2009 May), as an external facility of 
the International Space Station, will continuously monitor 
the whole sky for X-rays in the 0.5-30 keV energy band; and 
SVOM (planned launch 2012), is a Sino-French GRB satel- 
lite detector with a trigger spectral domain of 4-250 keV 
and a mission design that encompasses rapid ground-based 
follow-up observations. 

On board Swif t, bursts are det ected by the Burst Alert 
Telescope, BAT (|Barthelmv 1 120051 ) . a 1.4 sr FoV, 15-150 
keV coded mask detector with a 5200 cm 2 cadmium-zinc- 
teluride detector plane. Its peak photo n flux sensitivity limi t 
corresponds to ~ 10 ergs cm" ~ 2 s" 1 (jGehrels et al. ll2004h . 

The Gamma-ray Large Area Space Telescope 
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B http://agile.asdc.asi.it 
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launched in 2008 June, is a current generation 
satellite for gamma-ray astronomy. The GLAST GBM con- 
sists of 12 Nal detectors for the 8 keV to 1 MeV range, and 
two bismuth ge rmanate (BGO ) detectors for the 150 keV to 
30 MeV range (ICarson 1 120071) , with its burst trigger b and 
being 50-300 keV (|Bandll2008l : lvon Kienlin et al. Il2004h . Its 
FoV is 9 sr, about 6| times larger than Swift's. 

The Energetic X-ray Imaging Survey Telescope 
(EXIST) is curre ntly propose d to be a free-flying mission 
to detect GRBs l|Band I 2007) a nd conduct a hard X-ray 



sky survey l|Grindlav et al. 1120031 ). EXIST will have two sets 



of coded mask telescope systems: a High-Energy Telescope 
(HET) to cover the 5-600 keV band and a Low-Energy Tele- 
scope (LET) for the 3-30 keV band. The (partially-coded) 
FoV of the HET will be about 2 sr (J. Grindlay, personal 
communication, 2008-08-06). 

To compare detection rates of LL GRBs for these detec- 
tors we use their peak flux detection thresholds. Determining 
the relative detection capabilities of these instruments is not 
simple for a number of reasons (e.g., see iBand 1 120021 ): the 
detectors are sensitive across different energy ranges and 
also vary over the FoV; the triggering algorithms are pe- 
culiar to each detector; accumulation times vary and there 
are synergies and interferences between instruments on the 
same satellite. As our study is a gross comparison of detec- 
tor capabilities we will take an uncomplicated approach to 
quantifying the relative detection capabilities of these three 
detect ors. 

In lBandl (|2003l ). detection thresholds for the three de- 
tectors are normalized to the 1-1000 keV energy band. We 
approximate the peak flux th r eshold s of the detectors by 
using figs. 7, 8 & 9 of Hand] (|2003l ). To approximate the 
peak flux thresholds we take the midpoint value of the peak 
flux range as defined by the trigger band of each detector. 
We obtain (2.0, 3.5, 0.3) ph cm~ 2 s -1 , respective!^ We ex- 
press this in terms of relative sensitivities of (1.0, 0.6, 6.7) 
using the Swift BAT as the reference detector. These val- 
ues are employed in the following section to determine the 
comparative flux thresholds of these detectors. 



3 GRB DETECTION RATE MODEL 

The aim is to calculate the distribution of detectable GRBs 
as a function of z using the primary detector parameters 
mentioned above. The model assumes a flat cosmology with 
Ho = 71 km s _1 Mpc~\ Q M = 0.7 and Q A = 0.3 (the 
concordance cosmology). We employ a GRB detection rate 
model with two free parameters: the GRB local rate density, 



ro, and the (two-jet) beaming factor, f b 



(1 - cos 6>)~ 



http: / /kibo. jaxa.jp/en/experiment/ef/maxi 



where 8 is the opening half-angle of a jet. We note that 
both these parameters are uncertain. For simplicity we fix 
f^ 1 and constrain r^ L from the model and the observed HL 
Swift GRBs. 



3.1 GRB transient event rate model 

To calculate the detection rate of GRBs we start with 
the following differential rate equation (see ICowardl 120071 . 



8 Renamed Fermi Gamma-ray Space Telescope on 2008-08-26. 

9 All 3-tuples in this paper denote values for (BAT, GBM, HET). 
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Table 1. We employ two parameters in the model: the GRB local 
rate density, ro, and the beaming factor, /J -1 . The Swift detection 
rate inferred from the total number of bursts over the mission time 
constrains r^ L ; L is taken from iGuetta fc D elia Vallc 1120071 ) 
and the f^ 1 are f rom IGuetta. Piran and Waxman (2005) and 
iLiane et aU j2007h . 



GRB 


ro 


f,; 1 


type 


[Gpc- 3 yr" 1 ] 




LL 


380 


7 


HL 


15 


75 



Table 2. Primary satellite detector parameters that determine 
the detectability of GRBs. The Fo V and trigger ban d for BAT 
and G BM are taken from table 1 of iBand I ||2008[) and lGrindlav I 
[120081) for EXIST. T he BAT sensitivity is taken from table 2 of 
iGehrels et al, ] [12004) . The sensitivities of the other detectors are 
scaled by this value as noted in Section [2] 



Detector 


Sensitivity (Fi im ) 


FoV 


Band [ei, e.2] 


(Satellite) 


[ergs s _1 ] 


[sr] 


[keV] 


BAT (Swift) 


1.0 x 10" 8 


1.4 


15-150 


GBM (GLAST) 


1.75 x 10" 8 


9.0 


50-300 


HET (EXIST) 


1.5 x 10" 9 


2.0 


5-600 



ICoward. Burman fc Blair~ll200lh . which is valid for all inde- 
pendent cosmological transient events: 



dR(z)/dz = 4n(c 3 r /Hi)e(z)F(z,nM,n A )/(l + z) 



(1) 



Here dR/dz is the GRB differential event rate in units of 
s _1 per unit redshift, e(z) is the dimensionless source rate 
density evolution function (scaled so that e(0) = 1) and 
F (z, Am, Oa) is a cosmology-dependent function (Eqn. 13.61 
of lPeebles lll993l ): 



F(z, Q.m, £2a) 



(1 + 2) 



n M (i + zf + n A ] 



-1/2 



(2) 



where Dl is the luminosity distance. For this analysis we 
take e (z) to follow the SFR model of iHopkins fc Beacom I 
(2006). Integrating Eqn. [1] over z gives the cumulative GRB 
rate. 

An 'effective' (or potentially observable) differential 
event rate that takes beaming into account is 



dR a s(z) I ' dz — /b dR(z)/dz 



(3) 



It is the GRB rate observed by an infinitely sensitive detec- 
tor with an unobscured all-sky view. 

For the more realistic scenario of a flux-limited detector 
we employ a single piecewise-smooth GRB LF (luminosity 
function), $(£), which is comprised of two components, $ll 
and $hl, as a means to account for the LL and HL GRBs. 
We define LL GRBs as those with burst luminosities < 10 49 
ergs s _1 . "I'll, is that part of 3> defined for LL GRBs and 
$ hl is for HL GRBs. We adapt the double power-law LF 
of IGuetta. Piran and Waxman I (120051 ) for both, with slopes 
—0.1 and —2, respectively. The limits of <E> were extended 
to [5 x 10 46 ,3.2 x 10 52 ] ergs s _1 in order to encompass the 
extremely LL GRB 980425 and HL GRBs. The fraction of 
detectable GRBs, or flux-limited selection function (those 
observed with peak flux > Jii m ), for the LF is 



IpBux(z) = 



<j)(L mo ) dLi s 



(4) 



where Li so is the isotropic-equivalent luminosity, Fn m the 
lower limit of the detector flux sensitivity and Lu m (-Fu m , z) 
the minimum (isotropic-equivalent) luminosity detectable at 
a redshift z with detector sensitivity Fu m . Lu m is determined 
from Eqn. [8] below. The resulting function, ipa ux (z), repre- 
sents a dimensionless (detector-dependent) scaling function 
with range [0, 1]. The integrand in Eqn. 3J cj>(L), is the nor- 
malized <fr(L): 



4>(L) 



f~*(L) dL 



(5) 



3.2 Instrument model 

We include two correction factors for determining the limit- 
ing luminosity for each detector: (i) B(ei, e2), the bandpass 
ratio and (ii) k(z), the k-co rrection factor ijHogg et al. II2OO2I : 
iBloom. Frail fc Sari IlioOll ). 

(i) B assumes that a detector sees only a window of the 
GRB gamma-ray spectrum used to define the bolometric 
isotropic-equivalent luminosity of a 7- burst: 



B(ei, e 2 ) = 



J; 1 EN(E)dE 
!^EN{E)AE 



(6) 



where the interval [ei , ea] is the spectral energy band that 
the detector is sensitive to and [E\ , E2] covers the bolo- 
metric gamma-ray spectrum that is used for measuring 
the GRB flux. N(E) is the ensemble photon flux density 
(phs -1 cm" 2 keV" 1 ) at the photon e nergy E. The mode l 
burst spectrum used here is t aken fromlBand et al. I l|l993l ). 
with a = -1 and (3 = -2.3 |Preece et al. Il2000l ) for both 
LL and HL GRBs. We take E Def Lk = 100 keV for LL GRBs 
llBand 1120021: iKippen et al. 1120031 ) and 250 keV for HL GRB s 
- fig. 2 of lAmati l (|2006T l or fig. 5 of lPreece etaTI (|2000l ). 
For this model we have not adjusted the observed .Speak for 
LL GRB s to enforce conform ity with the Amati (E Pt i-Ei so ) 
relation (| Amati et al. II2OO2I ). (See Section [4] for further dis- 
cussion.) 

(ii) k(z) accounts for the downshift of 7-ray energy from 
the burst to the observer's reference frame and is defined by 



k(z) 



Q EN(E)dE 



(l-M)ei 
(l + z)e 2 



EN(E)dE 



(7) 



It is obtained b y integrating the sp ectral flux dens ity equa- 
tion (E qn. (6) of lHogg et all (|2002T l or Eqn. 13.57 of lPeebles I 
l|l993l )) with respect to v , noting that v a = (l + z)u , where 
the subscripts 'o' and 'e' identify the observer and emitter 
reference frames, respectively. 

The limiting luminosity as a function of z is determined 
for each detector from 



L rim (z) = 4-KDt(z)F liln B- 1 (e 1 ,e 2 ) k(z) 



(8) 



This is used with <f>(L), via Eqn. [4] to derive the selec- 
tion function, tpau^(z). We define an instrument effectiveness 
function by 



7/> cff (z) = Vflux(z) ^/47T 



(9) 
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Figure 1. The LL GRB detection probability, Vcffi for the 3 
satellite detectors. The curves show the relative detection effi- 
ciencies for detecting LL GRBs. The functions are determined by 
^limj t ne k-correction, bandwidth scaling, FoV and LF. As the 
LF is identical for all detectors, differences between the curves 
result from instrument parameters. At z = 0, the probability of 
detecting a single isotropic LL GRB is just the detector's FoV (as 
a sky-fraction). The detection horizon distance for the detector, 
Zhi is defined by i/> e ff(2h) = 0. The detection horizon is z f.l 
for all three detectors. The high sensitivity of HET results in a 
detection horizon which is about 3-4 times that of the other two 
detectors. 



where Q is the FoV of the detector in steradians; ip c s(z) is 
interpreted as the probability of the detector triggering on 
a single GRB without beaming and at a redshift of z. 



3.3 Satellite detection rates 

The model described above can be applied independently to 
different sub-populations of GRBs. We employ a model for 
the satellite detection rate that assumes two different GRB 
populations with normalized LFs, </>ll and 0hl for the LL 
and HL bursts respectively. The detection rate of a GRB 
population i for a detector is given by 



i>M(z).dRU(z)/dz 



(10) 



with the total GRB differential event rate the sum over GRB 
populations (in this study, i = LL, HL): 



dn ohs {z)/dz= > *dR%l s (z)/d 



(11) 



Table [T] lists the parameters used to calculate the effective 
LL and HL GRB event rates (via Eqn. |3J. Table [2] lists the 
detector parameter values used to determine the detection 
rates of GRBs (via Eqn. [10} . 



4 RESULTS & DISCUSSION 

We 

for LL GRBs. While GRB 060218 obeys this rela tion the 
other LL GRBs (98 0425 and 031203) do not (fig. 3 of lAmati I 
l|2006t )). Although iGhisellini et al. I (120061 ) have indicated 
that the two outliers may indeed obey the Amati relation if 
spectral evolution is taken into account there appears to be 
no compelling physical evidence to support this at present. 




Figure 2. Predicted differential observation rates for BAT, GBM 
and HET for LL (upper panel) and HL GRBs (lower panel). The 
GRB rate density peak values for GRBs are determined by the 
sensitivity and FoV of the detectors while their z-locations are 
determined by sensitivity (and, to a lesser extent, redshift). 



Given the above, we take a conservative approach, retain- 
ing the Band spectrum and setting -E pca k = 100 keV for 
LL GRBs (which is between the observed values for GRB 
98042 5 and 031203 - see fig. 3 or tables 1 & 2 of I Amati I 
(2006)). Calculations made with i? pca k = 10 keV reduce the 
horizon limits (see next paragraph) to (85, 70, 90)% those for 
Speak = 100 keV. Similarly, detection rates are (60, 35, 75)% 
those of the higher _E pca k. However, these do not change the 
qualitative results we report here. With greater numbers of 
LL GRBs detected in future the observed i5 poa k may be used 
to confirm whether LL GRBs are consistent with the Amati 
relation or not. 

The calculated detection probabilities for the three 
satellites for LL GRBs are shown in Fig. [T] We define 
the 'horizon distance', Zh, of a detector to be the great- 
est distance at which a LL GRB can trigger the detector 

(Zh oc V-Rim) • 

We convolve the instrument effectiveness above with the 
GRB beaming factor and GRB rate evolution, e(z), to pro- 
duce detection rate curves (i.e., dR b s (z) / dz) for each detec- 
tor and GRB population. The predicted distributions of LL 
and HL GRB detections are plotted in Fig. [2] The combined 
GRB detection rate curves are shown in Fig. [3] for each de- 
tector. We note that the LL GRB distribution produces a 
noticeable 'notch' at z « 1 for HET, a result of its higher 
sensitivity. 

The locations of the LL GRB peaks in redshift (upper 
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Figure 3. Predicted differential detection rates for the GRB pop- 
ulation comprised of LL & HL bursts. These curves are the sum 
of the LL & HL detection rate models (Fig. [2j. The effect of two 
different beaming factors results in a LL GRB 'notch' at z ~ 1 
for HET. Because of the lower sensitivities of the GBM & BAT 
this feature is not visible to those detectors. 



Table 3. Predicted LL GRB detection rates and horizons. 



Detector 


LL GRB 


LL Horizon 


(Satellite) 


[yr- 1 ] 


[«h] 


BAT (Swift 


0.2 


0.4 


GBM (GLAST) 


0.4 


0.3 


HET (EXIST) 


6.5 


1.1 



panel of Fig. [2} is determined by the relative sensitivities 
(and, to a lesser extent, trigger bandwidths) of the detectors. 
A more sensitive detector will be triggered by a greater num- 
ber of distant GRBs. The peak LL detection rates of BAT 
and GBM occur in the redshift regime of [0.15,0.3] while 
for HET they occur at the significantly higher redshift of 
just over 0.7. The LL GRB detection horizon distances of 
the above detectors are z = (0.4,0.3,1.1). The sensitivity 
of HET will also enable it to detect HL GRBs at higher z, 
thus probing a larger volume of space, as shown by the lower 
panel of Fig. [2] 

The height of each curve in Fig.[2]is proportional to the 
FoV of the detector. For a bright GRB population the FoV is 
the dominant parameter, but sensitivity becomes important 
for detecting fainter bursts, as illustrated by comparing the 
GBM and HET curves for both populations in Fig. [2] (upper 
and lower panels). The moderately large FoV of HET cou- 
pled with its relatively high sensitivity implies it will detect 
an order of magnitude more LL GRBs than the other two 
satellites combined (Table 3). The large FoV of GBM en- 
ables it to capture the most bursts for z < 0.3 even though 
it is the least sensitive detector in this comparison study. Its 
large FoV also makes it the optimal detector out of the three 
for HL GRBs out to redshift about 4.5. Fig. [3] indicates that 
HET will also be able to detect GRBs in the early universe, 
thus potentially probing the evolutionary history of GRBs. 

From the upper panel of Fig. [2] we note that HET will 
detect large numbers of nearby LL GRBs and, thus, signif- 
icantly add to the statistics of this under-luminous popula- 
tion. In addition, Fig. [1] shows that HET takes over from 
GBM as the most efficient LL GRB detector for z > 0.3 in 



spite of it having a quarter of the GBM's FoV. This is due 
to HET's higher sensitivity, which is also reflected in HET 
having a much larger LL horizon distance than the other 
two detectors. 

GL AST's GBM, having the largest FoV, produces the- 
broad and high differential detection rate prominent in the 
lower panel of Fig. [2] The predicted ^-integrated detection 
rates of LL GRBs are (0.2, 0.4, 6.5) yr -1 for BAT (Swift), 
GBM (GLAST) and HET (EXIST), respectively. 

The notch in Fig. [3] for the HET curve is a result of two 
factors: (1) HET's high sensitivity will detect a higher pro- 
portion of LL GRBs than will the other two satellites and (2) 
the low LL GRB beaming factor and high local rate density 
(compared to HL GRBs) results in an effective differential 
LL rate about 250 times that of HL GRBs. However, it may 
take two to three decades for this feature to become appar- 
ent. Hence, it is unlikely that any single satellite observatory 
will detect this 'hidden' LL peak during an operational ca- 
reer. Nonetheless, even the 3 or so LL GRBs detectable by 
Swift and GLAST in the next 5 years will be a significant 
addition and will provide constraints on this population. 

We note two selection effects that may be significant 
but are not included in this study. Firstly, as I Band! (|2006l ) 
showed, the BAT is more sensitive to high-redshift bursts 
because of their longer duration. Secondly, the rate den- 
sit y of GRBs may be evolving at high re dshif t, as suggested 
by_ Daigne. Rossi fc Mochkoyitch I (|2006l ) and lLe fc DermeTl 
(|2007l ).l Firmani et al. I (|2004l ) reach a similar conclusion, but 
explain a higher than expected rate as evidence for an evolv- 
ing GRB luminosity function. These issues remain uncer- 
tain. However, their effect does not influence the main re- 
sults from this study since our focus is on the detectability 
of small-redshift LL bursts. 

We also note that selection effects that plague the 
present GRB redshift distribution need to be understood 
to exploit fully dat a for studying GRB rate evolution. 
ICoward et al. I (|200&t l show that selection effects are espe- 
cially dominant in the optical afterglow and spectroscopic 
observations of Swre/t-triggered bursts. 

In summary, we show that HET will probe both LL 
GRBs and early-universe GRBs while GBM will be more 
sensitive to the HL population out to z w 4.5. Surprisingly, 
we find that despite the lower sensitivity of GBM, its large 
FoV implies a LL GRB detection rate greater than that of 
BAT and HET out to the GBM's sensitivity horizon of z = 
0.3 . Importantly, HET will increase the LL GRB detection 
rate by a factor of about 30 compared to Swift's BAT. It will 
open up a new detection regime by probing the LL GRB 
population in a significantly larger volume out to z ~ 1. 
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